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The Anatomy of the Mammary 
Gland of Cattle 
I. Embryonic Development 
CHARLES w. T U RNER 
The mammary glands arc one of the disting:iishing and unique 
anatomical structures of mammals. While these glands all have the 
same primary function-the secretion of milk suited to the nutritional 
needs of the young following birth-they vary greatly in anatomical 
structure in the various orders. 
The phylogenetic development of the mammary apparatus, while 
of great interest, has been carefully reviewed by Bresslau (1920) and 
needs .:mly brief mention at this time. 
The lowest order of mammals, the monotremes, have very rudi-
mentary glands, consisting of about 100 to 150 separate gland tubes, 
the ducts of which terminate close together in an area called the gland 
area. Each duct opens at the base of a long hair, the mammary hair. 
Nipples such as all other mammals p.)SSess are absent in the monotre-
mata. 
The second order of mammals, the marsupials, (didelphia) show 
further developme'1t in the structure of the mammary gland. These 
animals are usually characterized by the presence of a marsupium or 
pouch surrounded by a strong sphincter muscle. Inside the marsupium 
are found the mammary glands which show further development, in 
that the gland ducts no longer end on a flat gland area but in a nipple. 
The only North American representative of the marsupial is the opossum. 
The mammals with which all are familiar are the monodelphia, 
or placental animals, of which oar domestic animals are representatives. 
It is in these orders that the mammary glands have reached their greatest 
development. 
As a result of domestication and long rnntinued selection of animals 
based upon the extent of development of the mammary glands and the 
abundant secretion of milk, the mammary glands have become of far 
greater importance than merely the source of sufficient milk to raise the 
young. Only a smc:1ll portion of the milk secreted by the cow is required 
by the progeny, leaving the residue for human consumption. Milk and 
milk products have thus become the basis of one of the largest agri-
cultural industries. 
In spite of the importance of the product of the mammary glands 
of domestic animals, relatively little study has been devoted to the 
anatomy and physiology of milk secretion. For the proper un.derstanding 
4 MISSOURI AGRICULTURAL EXPERIMENT STATION 
and appreciation of the form and function of the mammary apparatus 
it is believed that ontogenetic study of the gland will be of value. The 
normal development of the n1ammary glands of the female may be 
readily separated into the following epochs: 
(1) Embryonic and fetal period 
(2) Birth to puberty 
(3) Recurring oestrous cycles 
(4) Pregnancy 
(5) Lactation 
( 6) Involution 
The purpose of the present study is to trace the development Jf the 
mammary gland in cattle from their earliest occurrence in the bovine 
embryo through the various stages of growth and development up to and 
including the development of the primary sprout. Wherever information 
is availabl e these stages will be compared with the changes taking place 
in the mammary glands of other domestic and lab,:irat0ry animals. 
MATERIAL AND TECHNIQUE 
The embryos and fetuses for the present study were collected at an 
abbatoir by the writer during the summer of 1927.* The e•1tire fetus, 
in the case of the smaller specimens, or the mammary glands of th~ 
larger, were immediately fixed in Bouin's fluid. After 24 hours or longer 
(in the case of the larger specimens) they were washed in graded alco-
hols and finally held at 70 per cent. Measurements were immediately 
taken of those animals which were not preserved completely. Two 
measures were used, the length from the crown or poll (the anterior 
extension of the top line) to the rump; and from the withers to the hoof. 
In the case of the smaller specimens, measurements were delayed until 
after fixation. 
The material was then sent to the Missouri Agricultural Experi-
ment Station where the histological study of the material was made. 
After further washing in alcohol the embryos or portions of the mam-
mary gland were embedded and sectioned in paraffin. As considerable 
difficulty was experienced in finding the glands in the smaller embryos, a 
prestaining method described by Otis (1927) was used with success. It 
consisted essentially of an alcoholxylol-safranin mixture in place of 
alcohol-xylol in the embedding process. The safranin stained the tissue 
a uniform deep red which permitted immediate examination of the 
paraffin ribbon. The safranin stain was easily removed in the graded 
*My thanks arc due the Oscar Mayer Packing Company, Madison, Wisconsin, for their cooperation 
in facilitating . the collection of the embryos, a nd to Dr. L. J. Cole, for placing the laboratory of the 
Department of Genetics, University of Wisconsin, at the writer's disposal in connection with the 
fixation of the specimens. 
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alcohol in preparing to stain the sections with Delafield's haematoxylin 
and eosin. 
The sections were cut at various thicknes~es depending upon the 
purpose of the section. For microphotographs at relatively low magnifi-
cation sections cut at 20-25 µwere found to show the desired features to 
Fig. 1.-Series of eight small bovine embryos varying from 0.8 to 2.4 cm. 
in crown-rump length are shown. See Table 2 for description. Lines indicate 
location of section. 2X. 
best advantage. Thinner sections were more desirable at the higher 
powers and where cell structure was studied. 
The ages of the embryos and fetuses were not known. In this 
study it is necessary, therefore, to describe the development of the 
mammary glands in terms of growth in crown (poll)-rump length. 
Limited data are available giving the length of a number of fetuses of 
known age. From the data of Zschokke (1920), Hammond (1927), and 
a few specimens collected from the dairy herd of the Missouri Experi-
ment Station, a close estimate of the ages can be made. 
A detailed description of each embryo and fetus included in the 
present study is presented in Table 2. It will be noted that in addition 
to the measurements, the weights of the smaller embryos and the 
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TABLE 1.-RELATION BETWEEN LENGTH AND AGE OF BOVINE FETUS 
Hammond 1927 Zschokke 1920 Missouri 
Fetal length Length 
Month (4 in cm. from crown 
weeks) of forehead to Length rump 
pregnancy base of tail Days cm. Days cm. 
1 0 . 8 73 11.0 
2 5 .4 88 14.7 
3 13.3 91 13.7 
4 24.5 98 15 .0 
5 39.0 105 20.0 108 21.6 
6 51.0 132 34 .0 
7 68 .0 ~ 83.5 (twins) 8 80.0 252 87.5 (twins) 
weight of the udders of the larger fetuses are included. The number of 
teats and supernumeraries or rudimentaries is also shown. It will be 
noted that a fairly close series of both males and females was secured. 
This has been a great help in accurately describing the various phases 
of development of the gland. 
OBSERVATIONS 
The mammary glands are one of the three types of skin glands. 
All three glands, the sweat or sudoriparous, the sebaceous, and the 
mammary, have a similar developmental origin, in that they are in-
vaginations of the skin or ectoderm. The embryonic ectoderm, the 
outer primary germ layer, first develops as a single layered sheet of 
cuboidal cells, the nuclei of which stain more deeply than the underlying 
mesenchyme. The 1.2 centimeter embryo (No. 80) showed that the 
epidermis was composed of two layers of cells. The superficial layer, 
the periderm, or epitrichium, consisted of flattened cells with their long 
axes parallel to the surface. The deeper layer, the stratum germinativum 
or Malpighian layer was composed of cuboidal or low columnar cells. 
This layer of cells is the germinal layer, the nuclei of which are generally 
located toward the free end of the cell. The basal ends thus have a clear 
appearance and are seen to rest upon a distinct basement membrane. 
The Mammary Streak.-An examination of the 1.4 cm. embryo 
showed no change in the epidermis in the region where the mammary 
streak might be present sufficiently to say definitely that this stage was 
present. The stage described as the mammary streak is so slight a 
development, namely, a slightly enlarged and more densely staining 
Malpighian layer, that it is questionable whether it should be considered 
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TABLE 2.-MEASUREMENTS OF BOVINE EMBRYOS 
Crown Height Record 
Rump at Total Udder Teat Num-
Breed of Dam Length Withers Sex Weight Weight Number ber 
cm. cm. gms. gms. 
Holstein 0.8 0.084 100 
Hols tein 1.1 0.220 87 
1.2 0 .231 86 
1.3 0.296 80 
1.4 0.351 79 
1. 7 0 .7 Female 0.678 81 
2.1 1.0 Female 1.100 90 
2.4 1.2 Female 1.401 98 
Shorthorn 2.5 1.3 Mal e 1.6 44 
Holstein 2.8 Female 2.1 18 
Red 3.2 1.8 Female 2.7 teats not 
visible 78 
Red 4.5 2.4 Male 4.4 4 indistinct 75 
Holstein 4.8 2.4 Male 4.6 not visible 89 
Black 4.9 2.6 Male 6 .4 4 34 
5.0 2.6 Female 5.8 4 103 
Holstein 5.1 2 . 5 Male 6.0 4 96 
Shorthorn 5.5 2 . 8 Female 6 . 8 4 30 
Blue H olstein 5.8 2.7 Male 7.5 4 91 
Holstein 6.3 3.1 Male 8.6 4 61 
Red & White 6 .9 3.3 Male 12 . 1 4 49 
8.3 3.9 Male 19.2 4 62 
Red & White 
(Guernsey) 8 .4 4.0 Female 16 . 6 4 31 
Holstein 8.5 4.2 Male 18.5 4 67 
Shorthorn 9.3 5.4 Male 30.6 4 93 
Shorthorn 10.0 5.6 Male 38. 2 4 94 
Holstein 10.6 5.7 Male 41.4 4 22 
Shorthorn 12.3 7.3 Female 83 .3 4 50 
Shorthorn 12 .3 6.5 Female 76. 6 4+1L 52 
13.7 8.1 Female 126.3 4+2 R L 102 
Holstein 16 .0 9.0 Female 164.0 4 99 
Shorthorn 19.0 11.0 Female 2.1 4 12 
Light colored 19.0 10 .5 Female 1. 8 4 43 
Holstein 19.3 12 . 5 Female 1. 8 4 21 
Shorthorn-
Hereford 19.5 12 . 5 Female 2.9 4+1R 47 
Holstein 20.5 12.0 Male 4+1R 77 
21.0 11. 5 Male 4 63 
Holstein 21.0 Female 1. 8 4+1L 5 
Holstein 21.6 13.5 Female 484 4 520 
Holstein 23.0 13.0 Female 2.6 4 8 
Holstein 23.5 11.0 Female 3.4 4 19 
Jersey 23.5 14.0 Male 4+1L 13 
Holstein 23.5 13.0 Male 4+1C 7 
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a separate stage. It seems better to consider the mammary streak 
stage as the beginning of the active proliferation of the Malpighian 
layer in the formation of the mammary line. 
The Mammary Line.-The mammary line evidently begins to 
develop between the 1.4 cm. and the 1.7 cm. stages. In the latter stage, 
the development was marked and easily observable. In cross section 
Fig. 2.-The mammary lines in the 1. 7 cm. embryo. 20X. 
there was noted on the ventral side a thickening of the epidermis as well 
as a more deeply staining mesenchyme (corium) below, on either side of 
the midline, posterior to the umbilicus. On either side of the mammary 
line, the epidermis is composed of two layers, the periderm and the 
stratum germinativum. The mesenchyme cells are also diffused giving 
a light appearance to the tissue. Here the basement membrane is very 
distinct. 
In cross section the appearance of the mammary line is in distinct 
contrast. An intermediate layer of cells has developed in the epidermis 
with darkly staining nuclei. The mesenchyme cells below are also more 
condensed, giving a darker appearance to the corium. Further away 
the cells thin out very gradually producing a lighter staining tissue. 
· Frequently blood vessels are seen coursing through the mesenchyme 
approaching the line. The basement membrane is not as distinct possibly 
due to the closer packing of the cells on both sides of the membrane. 
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The extent of these lines is apparently much less in cattle than in 
animals with a series of abdominal glands such as swine. No trace of the 
lines were found anterior to the umbilicus. The lines are also found much 
closer to the median line than in swine. 
EPITRICfilUM /; 
STRATUM;· 
GERMINATIVUM 
BASEMENT 
MEMBRANE 
STRATUM INTERMED/UM 
CORIUM 
THE MAMMARY LINE 
Fig. 3.-Diagram of the structure of the mammary line. 
The mammary line is a very transient structure. It begins at about 
the 1.4 cm. stage, reaches its maximum development at about the 1.7 
cm. stage, and forms the foundation for the anlage of the individual 
gland structures before the 2.1 cm. stage. In the 2.1 cm. embryo the 
two circumscribed areas of further cell proliferation in each line were 
observed. The mammary line structure, however, is still observable 
in this as well as in the 2.4 cm. embryo. It was at this latter stage that 
the line was observed by Profe (1899). 
Significance of the Mammary Line.-If the mammary line has any. 
real developmental significance it would appear that it should quite 
definitely mark the location of the future normal and accessory glands. 
In other words, the mammary glands should be fairly orderly and linearly 
arranged in the general topographical location of the mammary lines 
in the embryo. In the case of cattle, the location of the milk lines cor-
responds very well with the position and linearity of the normal and 
accessory glands and teats. It is possible, however, that the occurrence of 
glands in abnormal positions has been very inadequately recorded in 
cattle. 
In the case of the human breast a great variety of abnormalities 
have been reported. Excellent summaries of these abnormalities have 
been made by Deaver, McFarland, and Herman (1917) and Fitzwilliams 
(1924). While most cases of hyperthelia (a multiplicity of teats) and 
hypermastia (a multiplicity of glands) fall into position as regards the 
location of the mammary line in the human embryo, a few cases have 
been observed in positions difficult to account for, such as on the neck, 
back, and lower limbs. 
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It is our desire, however, to emphasize the normal relation between 
the position of the mammary line and the position of the normal and 
supernumerary glands in animals. It is also interesting to note that the 
mammary line is a separate, unique generalized stage of glandular 
development occurring previous to the formation of ·individual gland 
anlagen.* 
Comparative Anatomy of the Mammary Line.-The mammary or 
milk line has been found in many mammals. It was first discovered by 
Schultze (1892) in the 1.5 cm. stage in swine embryos. They were 
described as fine lines reaching from the base of the fore limb-buds to 
the inguinal region and were considered as the earliest stage in the devel-
opment of the mammary gland complex. Similar embryonic cellular 
formations were later found by Schultze in the cat, mole, fJx, and 
rabbit. 
Profe (1899) presented figures of a milk line in a 1.0 cm. swine 
embryo and in a 1.5 cm. horse embryo. He also found similar cellular 
structures in 0.9 cm. to 1.0 cm. sheep embryos. Schickele (1899), 
observed the same structures in the guinea pig and muuse embryo, and 
Henneberg (1900) in the rat. 
Kallius (1897), Schmidt (1897), Strahl (1898), Hirschland (1899), 
Brouha (1905), Berk (1913), Lustig (1916), and others have obsen:ed 
the mammary line in human embryos. In fact, Kallius, Hirschland and 
Strahl believed that they could differentiate an earlier stage, the mam-
mary streak (Milchstreifen) which then quickly developed into the 
mammary line (die milchlinin or milchleiste) . 
Bonnet (1892, 1897) was one of the first to point to the possibility 
that the mammary line or its predecessor stands as the anlage of the 
remaining normal and supernumerary mammary glands. The evidence 
accumulating since that time points very conclusively in that direction. 
Studies with Cattle Embryos.-Burckhard (1897) in his study of 
embryonal hyperthelia (supernumerary mammary glands) and hyper-
mastia (supernumerary teats), found an orderly placement of normal 
and supernumerary teats. He concluded, therefore, that in the cow also, 
the mammary apparatus is derived from mammary lines. 
Profe (1899) made a histological study of a series of cattle embryos. 
The earliest embryo was 2.5 cm. in crown-rump length. In this embryo 
the mammary hillock stage already had been reached. In the serial 
sections were found two circumscribed epithelial thickenings on each 
side (the mammary hillocks). Thus were found, in all, four hillocks 
corresponding to the place of the normal teats in the mature cow. 
*Anlage is a term applied to the first discernible cell or aggregation of cells, which is destined tfl 
form any distinct part or organ of the embryo. 
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Profe states that "the mammary hillocks are united by a ledge-like 
epithelial thickening which continues caudally beyond the rear mammary 
hillock and then gradually disappears. The thickening is evenly visible 
in all sections which fall between the mammary hillocks and several 
which fall behind the caudal pair of mammary hillocks. It corresponds 
doubtlessly tu the rudiment of the mammary line." 
In the more recent studies of the embrology of the mammary gland 
in cattle later stages only were observed. Thus Zschokke (1920) began 
his study with the so-called mammary bud or pocket stage, whereas 
Hammond (1927) began his study with an embryo two months old in 
which the mammary bud was already formed. 
PhylogenyoftheMammaryLine.-Bressla.i (1920) discusses the dis-
covery of the mammary line from the point of view of phylogeny. He states 
"Hitherto all attempts to answer this question have proven unsatisfactory. 
Itisobviousthatitis.ootpossibleto trace back the milk line to the lateral 
line of fishes or Urodela, and to the glandular structures connected there-
with ........ Klaatschand I met withjust as little success in attempt-
ing to discover the starting point of the milk-line of the Marsllpials. 
"The difficulty of tracing any homologue of the milk-line led other 
workers to do away with the problem altogether by simply denying 
to the milk-line any phylogenetic significance at all. Thus Beard (1898) 
explained the milk-line as a mere "developmental structure" which 
first appearing as a distinct line or ridge, afterwards becomes broken up 
into a number of separate entities." 
Bresslau then proceeds to point out that the milk lines "Are differ-
entiated secondarily from other formations usually called milk streaks ..• 
It follows that when we trace back the mammary apparatus of the 
placentals, we have to compare the primary-primordia (name given by 
Bresslau to the earliest anlage of the mammary gland in the mono-
tremes and marsupiais) not with the milk-lines but with the milk streaks. 
And indeed this comparison presents no difficulty. 
"It is clear then .. . .. that the primary-primordia and the milk 
streaks are entirely similar in structure. In both formations we recog-
nize (1) an area of thickened epidermis; (2) an underlying zone of con-
densed and richly vascularized cutis. T .;p0graphically, also, both 
harmonize fully. 
"It now becomes clear that in all three orders of mammals, the 
first indifferent primordia of the mammary apparatus, from which the 
later milk organs spring, are homologous, that is, the primary-primordia 
of the monotremes and marsupials, and the milk-streaks of the placen-
tals. In the milk-streaks of the placentalia, therefore, we have preserved 
a last reminiscence of the primitive brooding organs, which formed the 
basis of the development of the mammary apparatus." 
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FURTHER DEVELOPMENT OF THE MAMMARY APPARATUS 
The mammary line is a very transitory structure. Very quickly 
new centers of cell proliferation along the line are formed. This develop-
ment was call'ed the "huge! formige anlage" by Rein (1882) or the 
mammary hillock by Bonnet (1892). Schultze (1892) used the term 
"primitive teats" while Kallius (1897) described a slightly earlier stage 
of the same developm~n t which he called the mammary crest. Miss 
Lustig (1916) states that the mammary crest stage does not diffh 
histologically from the hillock except in stage of development. 
Terminology.-Rein (1882) divides the hillock formation into the 
following stages: (1) a lens shaped (linsenformige) anlage, (2) a peg or 
plug shaped (zappenformige) anlage, ar.d (3) a final stage, the flask 
shaped (kolben formige) anlage. Other terms were applied by later 
investigators to this structure such as mammary anlage and primary 
anlage. 
Profe (1899) used the term mammary pocket (mammartasche). The 
various terms used to describe this structure have been criticised 
recently by Zschokke (1920). He states, "None of these designations 
satisfied me completely. Least of all is the expression 'mammary-pocket' 
which was generally used until a few years ago, since it describ~s only 
the superficial dimple (or depression) whereas· it should include the 
entire epithelial-cone. The names mammary-anlage and primary-anlage 
are, to my mind, likewise unsatisfactory. With the first there is poorly 
designated the anlage in its entirety without consideration for its degree 
of development; thus it cannot be used as a special designation for a 
single definite developmental stage. If the expression primary-anlage 
is used it should deal with the first anlage of the single mammary gland 
complex. Thus it could be logically used only for the mammary hillock 
(or crest.) The necessity exists to fix this bud or cone stage compre-
hensively. Since in all higher animals it is described as a typical bud-form 
I suggest the name mammary-bud (mammarknospe) which will avoid 
further confusion." This latter nomenclature will be used in this paper. 
The Histology of the Mammary Bud Formation in Cattle.-The 
mammary line was formed by a slight proliferation of the intermediate 
cell layer. The individual mammary buds are formed in a similar way 
with the exception that the proliferat ion of the intermediate layer is 
much more extensive and instead of extending in the form of a line, is 
localized. In cattle there are normally two spherical zones of prolifera-
tion in each line which eventually develop into the front and rear 
quarter of the udder. 
The earliest stage of the bud formation frequently called the hillock 
stage, was already well established in the posterior anlagen of the 2.1 
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Fig. 4.-The mammary hillock in the 2.1 cm. embryo. 20X. 
Basement MembPane 
.Mammal?!! ff!!lod_ 
Fig. 5.-An enlargement of the mammary hillock of the 2.1 cm. embryo. 240X. 
cm. long female embryo. The basement membrane has been forced down 
into the underlying mesenchyme to surround the cells of the intermediate 
stratum which have developed from the stratum germinativum. This 
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half-moon shaped mass of cells projects .only slightly above the sur-
rounding epidermis being almost flat on its upper surface, whereas it 
describes a half circle in contact with the mesenchyme . 
.Mammal'!/ Bud 
Fig. 6.-The mammary bud in a 2.4 cm. female 
embryo. 240X. 
The basement membrane of the bud is quite distinct. The mesen-
chyme cells below are closely packed together probably caused by the 
pressure from the invaginating bud. They 'are circularly disposed with 
their long axis paralld to the basement membrane. 
The nuclei of the stratum germinativum are formed in the distal 
part of the cells causing the basal zone of the cell to be quite clear. The 
long axes of the cells point toward the center of the intermediate cell 
mass and are regularly disposed. 
It i.;; interesting to note that the anterior pair of mammary buds had 
already completed the formation of the circular form although they had 
not yet completely invaginated. It thus appears that there is a tendency 
for a slightly earlier development in th0se parts of the embryo occupying 
a more cephalic position. This difference is very slight and of a transitory 
nature as the buds in the 2A cm. embryo appear to be of practically 
equal development. In the rat with thoracic, abdominal, and inguinal 
glands, a considerable difference in the stage of development of the 
cephalic anlagen were observed by Henneberg (1900) and Myers (1917a) 
Myers states that by the 20th day the difference was not so noticeable. 
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Normal Bud 
Fig. 7.-Mammary bud with supernumerary in a 2.5 cm. male embryo. 120X. 
As indicated above, the mammary hillock continues to proliferate 
and becomes rounded off and at the same time sinks farther into the 
mesenchyme. This development is apparen~ly completed when the 
Fig. 8.-A cross section showing the right and 
left mammary buds in a female embryo 5.0 cm. 
long. 20X. 
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Fig. 9.-An enlargement of the left bud of the 5.0 cm. female embryo. 120X. 
ANTERIOR BUD 
POSTERJO~UD RESID!JE OF MAMHARY LINE / EPITRICHIUM ~-STRATUM 
. · INTERMEDIVM 
'STRATUM 
GERMINATIVUM ' ~CORIUM 
.{ f"ESENCHYHE 
-;rJf VEIN 
4riii'!, J 
MAMMARY BUD (01AG-RAMATIC) 
Fig. 10.-A diagram indicating the structures developing from the mammary 
line. It will be noted t hat the anterior bud is somewhat further advanced than is 
the posterior bud. 
embryo reaches a length of 2.4 to 2.5 cm. At that time the buds have 
sunk entirely into the mesenchyme and are usually covered over except 
for a small area at the outer pole. This forms a slight depression or 
dimple which has been called the mammary pit. 
As would be expected the same cellular structures are present 
in the bud as were found in the hillock. The basement membrane is 
quite distinct due to the presence of the nuclei in the distal ends of the 
germinal cells, leaving a clear border at the base. The intermediate cell 
mass is arranged in rows with the long axes of the cells pointing toward 
the center of the bud. The cells in the central zone are not as closely 
packed together and appear to be in the first stages of cornification 
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AnfemoP PosfefJio.n 
Fig. 11.-A sagittal section of a 5.5 cm. 
female embryo showing the front and rear 
(anterior and posterior) mammary buds. 20X. 
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The epidermis between the buds and extending anterior and pos-
terior still show the residue of the mammary lines. The cells of the 
mesenchyme surrounding the buds are closely packed together with 
deeply staining nuclei. Further away the cells thin out very gradually 
producing a light staining tissue. Frequently blood vessels are seen 
coursing through the mesenchyme approaching the buds. 
Sex Dimorphism of the Mammary Bud.-As far as can be observed 
the early stages of development of the mammary bud in the male and 
female are quite similar. However, shortly after the buds become 
enclosed a number of sex differences gradually develop. Because such 
differences have never bef)re been described, they are believed to be 
worthy of a detailed report. 
These differences may be summarized as follows: 
(a) The female buds are characterized by an ovoid or egg 
shape with the long axes in the fully developed bud perpendicular 
to the surface, whereas the buds in the males are usually spherical. 
(b) The female buds are significantly smaller in volume. 
(3) The female buds never invaginate a distance more than 
equal to their diameter. 
(d) The teat formation in the female i;; characterized by a 
fairly pointed tip, whereas the male teat is flat on the end. A slight 
eminence surrounding the bud of the male seems to form as early 
as that of the female but this development does not continue in a 
characteristic fashion, due, it is believed, to the further invaginafrm 
of the bud. 
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The Female Mammary Bud.-The fir;::;t distinct indication of a sex 
dimorphism of the mammary buds was noted in the 2.8 cm. female. 
At this stage the mammary bud in one case was distinctly ovoid or egg 
shaped, the major axes being perpendicular to the surface. While 
there are slight variations in regard to the form of the buds, possibly 
due to localized factors interfering with the invagination of the bud, the 
same ovoid form is characteristic of most of the bud~ in the more advanced 
stages of development. Little if any regular change in size is noted after 
the bud becomes enclosed, indicating that the proliferation of the inter-
mediate cell mass is complete at the time the bud is enclosed. As noted 
TABLE 3.-MEASUREMENTS OF MAMMARY Buos. (FEMALES) 
Crown 
Rump Greatest Greatest 
Record Length Position Width* Length** 
Number (cm.) of Bud mm. mm. Remarks 
90 2.1 R.R. .253 .160 Hillock stage 
L. R . .293 .187 Hillock stage 
R. F. .187 .213 Enclosed bud 
L. F. .227 .240 Enclosed bud 
98 2.4 R.R. .213 .173 Enclosed bud 
L. R. .187 .160 Enclosed bud 
R. F. .187 .160 Enclosed bud 
L. F. .173 .133 Enclosed bud 
18 2.8 L. R. .133 .173 Enclosed bud 
L. F. .213 .187 Enclosed bud 
78 3.2 Right .160 .133 Not entieely 
Left . 147 .160 Enclosrd 
103 5.0 R.R. . 160 . 227 
L. R. .173 .253 
R. F. .187 .227 
L. F. .187 .253 
30 5.5 Rear .253 .213 
Front .227 .213 
31 8.4 Rear .187 .253 Teat forming 
Front .187 .240 
Average of 18 female buds .183 .201 
*The greatest measurement parallel to the surface is called the width of the bud. 
**The greatest measurement perpendicular to the surface is called the length of 
the bud. 
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in Table 3, the average size of 18 female mammary buds measured in 
seven embryos, was 0.183 mm., (183 µ)in greatest width, i.e., a measure-
ment taken across the bud parallel to the surface, and 0.201 mm., (201 µ)in length. 
In the early buds the cells of the Malpighian layer are still regularly 
arranged along the basement membrane of the bud. The nuclei stain 
deeply with hematoxylin. The proportion of cytoplasm is relatively less 
and moderately eosinophylic in the younger buds whereas in the older 
buds there is a slight progressive cornification which is probably com-
parable to the stratum lucidum of the epidermis. The cytoplasm be-
comes more transparent and the nuclei are usually less chromophylic. 
In many cases there is a clear zone above the basement membrane in 
which only occasionally is a nucleus found. The regular arrangement of 
the cells of the basal layer is no longer seen. The nuclei which are elon-
gated are usually arranged with their long axes perpendicular to the 
base. The n::imber oflayers of these cells can only be estimated but there 
seems to be approximately six or seven. At the center of the bud there 
is greater irregularity of arrangement of the nuclei of the cells. 
The female mammary buds never invaginate beyond the surface 
except to for~ a sl~ght depression at the outer pole of the bud which 
is never entirely covered over by the epidermis. Instead there begins 
now a very active proliferation of the mesenchymc cells surrounding 
each bud, and this raises the buds upon primitive teats. 
Fig. 12 . ...:.__Mammary bud of male embryo 5.8 cm. long. Note charac-
teristic spherical form of the male bud. 120X. 
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The Male Mammary Bud.-As already pointed out the male 
mammary bud is characterized by a spherical form. It is natural to 
expect considerable variation in an invaginatirig structure due to various 
factors which may impede its progress. Still the buds in the older embryo 
all uniformly show a distinct difference in shape as compared to the fe-
male. As noted from Table 4, the average width of 32 male mammary 
buds measured in 13 embryos is 0.215 mm. (215 µ) as compared to .183 
mm. in the female. The length of the average male bud is 0.213 mm. 
(213 µ) compared to .201 mm. in the female. In other words, the average 
male mammary bud in cross section is 17.4 per cent greater in width 
and 5.9 per cent greater in length than the female b·ud. 
TABLE 4.-MEASUREMENTS OF THE MAMMARY Buos (MALE) 
Crown 
Rump Greatest Greatest 
Record Length P osition Width Length 
Number (cm.) of Bud mm. mm. Remarks 
44 2.5 Right .213 .200 Enclosed bud 
Right .093* .067* Supernumerary 
Left .227 .187 Enclosed bud 
Left .093 .067* Supernumerary 
75 4.5 Right .1 87 .200 Enclosed bud 
Left .200 .240 Enclosed bud 
.093* .067* Supernumerary 
89 4.8 R.R. .187 .187 . Circular bud 
L. F. .200 .213 
L. R. .067* .053* Supernumerary 
L. F. .200 .200 Circular bud 
. 
34 4.9 R.R. .200 .200 Teat pushing up 
L. R. .187 .200 Teat pushing up 
R. F. .173 .173 Teat pushing up 
96 5.1 L. R. .240 .227 Wide teat apex 
R. F. .187 .200 
L. F. .187 .200 
91 5.8 R.R. .253 .240 
R.F. .240 .213 
L. F. .240 .240 Circular bud 
61 6.3 R.R. .173 .200 
R. F. .213 .200 
L. F. .200 .200 Open at outer side 
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TABLE 4.-(CoNTINU ED) MEASUREMENTS OF THE MAMMARY Buos (MALE) 
Crown 
Rump Greatest Greatest 
Record Length Position Width Length 
Number (cm.) of Bud mm. mm . Remarks 
-----------
49 6 .9 R. R. .253 .227 
L. R. .227 .277 
R. F. . 187 .173 
L. R. .213 .213 
62 8.3 .227 .227 Sagittal section 
.187 .227 Sagittal section 
67 8.5 R.R . .227 .240 
L. R. . 107* .067* Supernumerary 
R. F. .240 .240 Bud opening up 
L. F. .227 .213 
93 9.3 .227 .227 Sagittal section 
94 10.0 Rear .240 .253 Sagittal section 
Front .240 .227 Sagittal section 
22 10. 6 .187 .187 Sagittal section 
Av erage of 32 male buds .215 .213 
*Not included in average. 
The early proliferation of the mesenchyme tissue surrounding the 
bud in both sexes is similar. The elevation of the bud in the female 
continues actively and the teat structure is quite di3tinct at the 8 to 9 
cm. stage. The male teat does not continue to develop except to a slight 
extent, but rather the bud may be said to invaginate farther. As a 
matter of fact it is difficult, in this case, to determine whether the in-
vagination is actual or merely the growth of the surrounding mesenchyme 
tis.>ue. If the latter is true, and the writer is inclined to that view, the 
sex difference is essentially this: In the female, the bud is carried at the 
apex of the anlage of the teat, whereas in the male the bud is embedded 
by the growth of the mesenchyme tissue around it. 
This difference explains the observed variations in the morphology 
of the teat anlage. The bud of the female rises with the mesenchyme 
tissue and forms a pointed teat, whereas the male bud surrounded by 
the proliferating mesenchyme tissue forms a broader teat with a flattened 
end in which the bud lies embedded. 
In a search of the literature the writer has failed to find any men-
tion of a sex difference in the morphology of the mammary bud. Myers 
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(1917 b) states that at 15 and 16 days there is no apparent difference 
between the developing mammary glands of the two sexes in the albin•J 
rat. Therefore, the description of the mammary glands of both of the 
above stages is applicable to either sex. (In his Fig. 1 of the 15 days, 
9 hours, female, the mammary bud is shown appearing ovoid, similar 
to that of the female bud in cattle.) 
Profe (1899) does not discuss any sex difference of the mammarv 
buds but in his Fig. 15 of a 7.5 cm. male embryo calf there is shown~ 
typical circular male mammary pocket (bud). 
The Comparative Anatomy of the Mammary Bud Development 
(Crest, hillock, point, pocket) .-The first careful description of the 
development of the structure which will be called the mammary bud 
was the study of the rabbit embryo by Rein (1882). While he did not 
recognize their origin from a linear epithelial thickening, he claims to 
have observed the mammary hillock or bud not only in the rabbit, but 
in embryos of man, cattle, sheep, goat, swine, mice, rat, guinea pig, dog, 
cat, mole, hedgeh0g, didelphys, and kangaroo. Figures showing the 
mammary gland of the rabbit, man, goat, cattle, and swine vvere pre-
sented. 
Various stages in the development of the mammary bud have 
been observed by other investigators. Kallius (1897) reports the pres-
ence of the crest stage in a 1.5 cm. human embryo. Lustig (1916) reports 
finding the mammary hillock in human embryos of 1.0, 1.1, and 1.3 
cm. length. Profe (1899) shows figures of a mammary hillock in a 1.5 
cm. long swine embryo and 2.5 cm. long bovine embryo. In the latter 
four hillocks were found corresponding to the place of the normal teats 
in the mature cow. Henneberg (1900) reports a biconvex lens formation 
in the cephalic end of the mammary line of 14 day old rat embryos. In 
a cat embryo 3.1 cm. long Gisler (1922) found a lens shaped thickening 
which did not project above the surface. 
It is interesting to note that in some cases the number of mammary 
buds may exceed the number of teats. Thus Schickele (1899) found ten 
bud formations in guinea pig embryos although the adult is provided 
normally with only two mammary glands. Similarly Schmidt (1896) 
found that such primitive anlagen appeared in varying numbers upon 
the thorax 'and abd0men of human embryos. In the latter case it is 
probable that some of these excessive anlagen wollld develop into super-
numerary glands. The problem of the development of supernumerary 
glands and teats has been extensively discussed and many theories have 
been advanced to account for their origin and development. It appears 
clear that the typographical position of the mammary gland complex 
is norma.J.ly determined by the position and extent of the mammary 
lines, whereas the number of individual glands in the mature animal is 
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either equal to or less than the number of mammary buds arising from 
the mammary lines. 
Fig. 13.-The teat develops as a result of 
the active proliferation of the mesenchyme 
cells surrounding each mammary bud g1adu-
ally raising the bud above the surface of the 
surrounding epithelium. The development 
of the teat has already begun in the 8.4 cm. 
female embryo. 20X. 
Teat Development.-The development of the shape or morphology 
of the teat was first obser-ved in a female embryo 8.4 cm. long. At this 
Fig. 14.-An enlargement of the developing teat of the 8.4 cm. female embryo. 120X. 
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Fig. 15.-An enlarged male mammary bud of an 8.5 cm. embryo. Note 
spherical form. 240X. 
time considerable development had already taken place, so that the 
initiation of development had actually taken place somewhat earlier. 
The development of the teat is essentially the result of an exceedingly 
active proliferation of the mesenchyme cells surrounding each mammary 
bud. Why these cells should react to the previous invagination of the 
bud by an excessive growth is not clear, unless the bud in some way 
attracts an abundant blood supply. The fact that numerous blood 
vessels are observed sending out branches around the buds may bear 
out this idea to some extent. 
Whatever may be the mechanism, the proliferation of the mesen-
chyme cells surrounding the mammary bud raises it very gradually 
until its proximal end is above the surface of the surrounding epithelium. 
With this development the bud, which previously had been ovoid in 
shape, is gradually opened at the distal end by the pull of the epidermis 
which forms the surface of the new structure. The previous shape of the 
bud is thus soon lost and all that remains is a funnel shaped crater at the 
RESEARCH BULLETIN 140 25 
tip of the teat composed of cornified cells forming a horny plug (horn-
pfrapf). 
The teat development in the male is somewhat slower than in the 
female. Neither is it as clear cut, due to the greater depth to which the 
bud sinks. In the 10.0 cm. embryo the mesenchyme has proliferated 
·over a wide area with the apex of the teat almost flat. The proximal end 
·of the bud was still considerably below the level of the adjacent epidermis. 
At 10.6 cm. the teat was still characterized by a very wide, flat apex, 
although the adjacent mesenchyme tissue had now developed sufficiently 
to force the bud up above the adjacent epidermis. 
Fig. 16.-The teat development in the male. The mammary bud in the 
male is embedded rather than being carried at the tip of the teat. As a result 
the teat in the male is characterized by a very wide fl.at apex. 10.0 cm. male. 
120X. 
The Primary Sprout in the Female.-When the fetus is about 12 cm 
1ong, a new and exceedingly important development is initiated. From 
the proximal end of the mammary bud which has been gradually changed 
into a funnel shaped structure at the apex of the developing teat, an 
invagination or sprouting again begins. The name primary sprout has 
been given to this structure. 
From a genetic standpoint, this sprout is the point of departure in 
the cellular mechanics, which contains all the potentialities of the future 
glandular development. If the sprout should fail to develop it is believe 
that quarter of the cow's udder would lack all glandular development. 
In passing it might be pointed out that the development of the form of 
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the udder is quite distinct and separate from the development of the 
secretory tissue within the udder. 
Histologically, the primary sprout is composed of the' basement 
membrane which faces the mesenchyme tissue on the inner surface of 
which rests the deeply staining stratum germinativum or Malpighian 
layer. The growth of the cylindrical sprout is brought about by the 
proliferation of the germinal layer at right angles to the previous plane 
PPimaPy 
SpPouf 
NammO/J!f Bud 
Fig. 17.-The initial development of the primary sprout in a female embryo 
12.3 cm. long (No. 52). 120X. 
of division. Thus, instead of the formation of an extensive intermediate 
cell layer the germinal layer is advanced into the mesenchyme tissu~ 
in the form of an inverted finger of a glove. This invagination seems to 
follow the path of least resistance in its forward advance pushing the 
mesenchyme cells aside first to one side and then to the other. Its 
general course, however, is perpendicular to the base of the teat. 
When the embryo is about 16 cm. in length, the primary sprout 
has reached its maximum development and it then proceeds to send out 
secondary sprouts. The entire future development of the secretory 
and storage tissue centers around these structures. 
The Primary Sprout in the Male.-The development of the primary 
sprout in the male appears to be somewhat delayed as compared with 
the female, whereas the sprout is well· started in 12.3 cm. long female 
embryos, an equivalent stage was found in the male at 20.5 cm. Un-
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Fig. 18.- The development of the primary sprout has progressed slightly further 
in this 12.3 cm. embryo (No. 50). 200 X. 
fortunately, no intermediate stages were available so that in this case 
the delay may have been exceptional. There seems to be little question, 
however, but that the primary sprout formation begins somewhat later 
in the male. It also appears probable that the full development of the 
sprout once started goes on more rapidly than in the female, due to the 
lack of room in which to develop. The male is entirely lacking in udder 
development so that the gland development is greatly restricted in 
space as compared to that of the female. 
Comparative Anatomy of the Primary Sprout.-One of the most 
interesting di3cussions in the literature on the development of the 
mammary glands is concerned with · the supposed differences between 
the development of the teats in the various animals. After Huss (1873) 
had investigated and described the mammary glands in the human and 
ruminant, Gegenbaur (1876) advanced the theory that the cow's teat 
comes from the same primary anlage as that of the human, but through 
changed ratios of growth develops into one of different type. Thus 
according to Gegenbaur che entire excretory duct of the cow's teat 
including the cistern of the gland is formed from the mammary bud or 
pocket while in the human gland, the floor of the mammary pocket rises 
and forms the upper surface of the nipple. 
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Fig. 19.-The Gegenbaur-Klaatsch theory of the relation between the develop-
ment of the teat in the cow and in the human. (A) In the human, the floor of the 
mammary bud was thought to rise and form the upper surface of the nipple (Residue 
of bud is indicated by dotted lines). (B) In the cow, the entire excretory duct of the 
cow's teat including the cistern was believed to be formed from the mammary bud. 
The present idea concerning the relation between the two types of teats is shown 
below. The only difference is whether several sprouts (C) or only one (D) primary 
sprout develop from the mammary bud. 
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As a result of his careful investigation of the embryonic develop-
ment of the mammary gland in the rabbit, Rein (1882) advanced the 
opposite theory that the teat development in cattle was similar to that 
in the human. Rein states, "In this stage (the period of budding or 
sprouting) the anlage of the mammary gland of the ruminant differs. 
chiefly from the corresponding anlage of the rabbit in that only one 
single secondary epithelial anlage (he considered the primary anlage 
as the mammary bud or pocket) grows from the primary anlage into 
the depth, i. e., downward, which naturally in an illustration appears as. 
a simple lengthening of the primary anlage." His conclusion that the 
excretory duct of the cow teat and each of the excretory ducts of the 
human are completely homologous structures has since been fully con-
firmed. 
Fig. 20.-The primary sprouts in this 16.0 cm. female embryo have 
reached their full development. A secondary sprout is beginning to form 
in the right gland anlage. Note condensation of the dermis or cerium of 
the skin in comparison with the underlying tissue: 20X. 
Nevertheless Klaatsch (1884) fought Rein's work while trying to 
support the explanation of Gegenbaur. In this he was highly successful 
for the so-called Gegenbaur-Klaatsch theory was widely accepted by 
the writers of most embryological and anatomical text books and this. 
fallacy is repeated in many books even up to the present time. 
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In 1892 Tourneux verified the theory of Rein that the excretory 
duct of the cow's teat and the excretory ducts of the nipple of the human 
are completely homologous structures. The description of his figures is 
as follows: "The teat of the cow is traversed by a unique excretory canal 
which Gegenbaur considered as a sort of mammary pocket which i3 
drawn out by the lengthening of the mammary anlage and at the ex-
pense of the primitive mammary bud. The figures which repr0duce five 
longitudinal sections of the teats of embryo cattle of increasing age show, 
as we would expect, that the canal of the teat develops exactly in the 
same way as the excretory ducts in the human fet:µs, that is to say, 
that it represents a bud beginning at the lower surface of the primitive 
mammary invagination which alone may be considered as a mammary 
pocket. In human, many sprouts grow from the primitive invagination, 
in cattle only a single one sprouts, and it is for this reason that it is very 
difficult if not impossible to determine the precise boundary which 
separates these two glandular formations." 
. Fig. 21.-The initial stage of the canalization of the primary sprout 
In a 19 cm. female embryo. 20X. 
;o further tra~e the co_m~arative structure of the mammary glands 
Pr?fe (1899) exammed a limited number of embryos of cattle, horse, 
swme, and sheep. In conclusion he says: "Just as I have shown in 
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swine, the development of the mammary organs in the cow can be 
sharply divided into two phases. First the phase of the mammary 
pocket (bud) formation, and then the phase of epithelial sprout forma-
tion. The latter phase appears in swine and cattle almost simultaneously 
with the appearance of the hair anlagen. 
"The excretory duct of the cow teat is not as claimed by Gegenbaur and 
Klaatsch, the persisting mammary pocket (bud) cavity. The excretory 
duct develops out of the primary epithelial sprout which goes forth from 
the base of the mammary pocket (bud), and is equivalent to one of the 
excretory ducts in the swine teat or in the human nipple." 
Fig. 22.-The canalization of the primary sprout is almost 
complete in this 23 cm. long female embryo. 20X. 
Further Development of the Primary Sprout.-The primary sprout 
begins to canalize when the embryo reaches 19 or 20 cm. in length. It 
gradually opens up and forms the following structures found in the 
mature udder: (1) the streak canal at the distal end of the teat; (2) the 
cistern of the teat; and (3) the cistern of the gland. 
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The mode of develofment of these structures as well as that of the 
secondary sprouts will be traced in further study dealing with the fetal 
development of the mammary gland of cattle. 
SUMMARY AND CONCLUSIONS 
1. The mammary lines were observed in a bovine embryo of 1.7 
·cm. crown-rump length estimated to be approximately five weeks old. 
The two-layered epidermis had proliferated to form an intermediate cell 
mass which extended on either side of the mid-line from the inguinal 
region anterior to the umbilicus. The mesenchyme below the lines is also 
more compact and deeply stained. 
2. It is concluded that the mammary lines quite definitely mark 
the location of future normal and accessory glands and account for their 
orderly linear arrangement. 
3. From a phylogenetic standpoint evidence is presented indicating 
that the first indifferent primordia of the mammary apparatus in all 
three orders of mammals are homologous. Further, that the mammary 
streak of the placentals is a.last remnant of the primitive brooding organs. 
4. Further pruliferation of the Malpighian layer at points along 
the mammary line determines the maximum number of individual 
glands in the complex. These centers of proliferation which gradually 
changes from a lens shaped int;) ovoid or cuboidal structures have 
been called progressively, the mammary crest, hillock, point, pocket, 
and bud. The latter nomenclatur.= (bud) has been used in this paper 
for the completely enclosed structure. 
5. The following sex differences have been observed. The female 
buds are characterized by an ovoid form, the major axes usually being 
perpendicular to the surface of the skin. The female bud is carried at the 
top of the teat anlage which results fr..>m the proliferation of the mesen-
chyme tissue surrounding the bud. The male buds are more nearly 
spherical, slightly greater in volume and are surrounded by the mesen-
chyme ti.,sue rather than being carried at the top. This causes the anlage 
of the male teat to be mure flattened on the tip with the bud deeply 
embedded in it. 
6. Fr0m the proximal end of the mammary bud an invagination 
called the primary sprout begins to grow into the center of the teat. 
This sprout begins at about the 12 cm. stage in the female and reaches its 
maximum development at the 16 cm. stage. Secondary sprouts then 
begin to form. 
7. Frvm a comparative standpoint, it was shown that the single 
sprout in cattle forming a ;;ingle duct in the teat and the multiple sprouts 
in some other animals forming an equal number of excret)ry ducts in 
the nipple are completely h Jmologous str lCtures. 
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